Abstract. Particle beam bombardment on the solar chromosphere produces non-thermal ionization and excitation. The effect on hydrogen lines is investigated by using non-LTE theory and semi-empirical flare models. It has been found that in the case of electron bombardment, the Ho line is widely broadened and enhanced. Significant enhancements at the wings of Lyo and Ly{3 lines are also predicted. In the case of proton bombardment, less strong broadening and less central reversal are expected. We found that the total energy flux of the particle beam and the atmospheric condition give much influence on the line profiles, which, however, are less sensitive to the power index. Based on the Ho line profile measurement, a method to deduce the total energy flux of the particle beam is proposed.
Introduction
Generally, during solar flares, the non-thermal electrons of more than 10 keY can be detected by their X-ray and radio emission. While protons of more than 1 MeV can be detected by their -y-ray line emission. However, it turns out that non-thermal electrons and protons of energy as low as 100 keY can be diagnosed by use of their UV and optical spectra.
The non-thermal particles bombardment can cause at least three effects: (1) non-thermal ionization and excitation (e.g. Chambe & Henoux 1979; Aboudarham & Henoux 1987; Fang et al. 1993 (thereafter referred to as Paper I); Henoux et al. 1993 (thereafter Fang et al. 1995) ; (3) impact line polarization (e.g. Kazantsev & Henoux 1995; Xu et al. 2003) .
In this paper, we give our recent study on the first effect. A description of non-thermal excitation and ionization by particles is given in Section 2. The computed Ho, Lyo and Ly{3 line profiles are also given. Based on our new result, a method to deduce the particle total energy flux is proposed in Section 3. A conclusion is given in the last Section. The rate of energy deposit in an atmosphere by an electron or proton beam is given by (Emslie 1978; Chambe & Henoux 1979) 
Where x is the ionization degree. The particle flux is supposed to be proportional 
According to the theory given in Papers I and II, we have (2) where Xlj and X1c are the hydrogen excitation and ionization potentials, respectively. n1 is the population at the ground level of hydrogen atoms. Thus, with a four-levels-plus-continuum atomic model of hydrogen, the non-thermal excitation and ionization rates of hydrogen by electron or proton beams, Ce and cR, can be obtained as
Line Profile Computations
The statistical equilibrium equation, including the non-thermal excitation and ionization rates, and the transfer equation, coupled with the hydrostatic equilibrium and the particle conservation equations, can be solved iteratively. In order to show the influence of the non-thermal effects on different atmospheres, we used three semi-empirical atmospheric models, i.e. the quiet-Sun VAL3C model given by Vernazza et al. (1981) , and the two flare models of F1 and F2 given by Machado et al. (1980) . The non-thermal Ho, Lyo, and Ly{3 line profiles were computed for various values of the total energy flux~i and the power index 8. Different from the Papers I and II, the partial frequency redistribution was included in the Lyo line and the iteration number was increased to more than 12000 to assure a high precision of about 1 10-4. Figure 1 are less stronger, and less sensitive to the values of 8. This is consistent with the result given by Kasparova & Heinzel (2002) .
A Method to Deduce the Particle Total Energy Input Flux
Based on our results, we proposed a method to deduce the particle total energy input flux Fl. We defined the Hex line flux contrast as (F-FO)/FO, where F and FO are the flux of the non-thermal line profile and of the thermal line profile respectively. Figure 3 depicts the dependence of the Hex line flux contrast on the total energy flux and the power index of the electron beam (dashed lines) and the proton beam (solid lines). In fact, the observed flare impulsive Hex line profile is the non-thermal one, while the pre-flare line profile can be taken as the thermal one, assuming that the temperature structure changes not so much. Thus, the line flux contrast can be obtained from the observation. Using the theoretical curves in Fig.4 , and knowing the particle power index by other methods (such as hard X-ray or radio emission), we can then deduce the particle total energy flux Fl. P,..s an example, we used an Hex profile of the 2002 July 23 3B/X4.8 flare at 00:32:20 UT, and took 8 = 4 from RHESSI data for the electron beam. Using the corresponding theoretical curve in Fig.3 , we obtain the total energy flux of the electron beam being 1 1011 erg cm-2 s-l. By use of these parameters the observed Hex line profile can be well reproduced (Xu et al. 2003) .
